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It is generally recognized today that the high tuberculosis morbidity 
and mortality rates among the white races are conjoined with phe- 
nomena which indicate that  the majority of individuals possess  an 
important, though variable,  degree of resistance to  the progress  of 
this infection.  The nature of this resistance is very obscure.  Analogy 
with more acute diseases suggests the possibility that the mechanisms 
of  acquired  immunity as  represented  by  antibody  formation  and 
action, phagocytosis, or the still undefined "tissue resistance" may 
be  factors  of  importance.  Such  attempts  as  have  been  made  to 
determine the place of these factors have led to no decisive results. 
The consecutive and rather characteristic series of tissue reactions 
leading to the formation of the tubercle, the degeneration of the tuber- 
de, and, in favorable cases, to the walling off, fibrosis, or calcification of 
these  abnormal  structures and  their  associated  bacilli,  suggest  as 
another major possibility that substances chemically less elusive than 
antibodies,  and with  a  more direct  bactericidal action  against  the 
tubercle  bacillus might be  formed or  accumulated in  the  diseased 
tissue and there act as adjuvants in the healing process.  If this were 
the case, it might be hoped that the recognition of such substances 
would make possible their artificial quantitative or qualitative altera- 
tion with beneficial results. 
In reviewing the reported chemical analyses of tuberculous tissues, 
the most striking variation from the normal is the high value frequently 
obtained for cholesterol. 
Caldwell (1) has conducted the most complete analysis of tuberculous tissues 
using modem quantitative methods.  He found  that in  normal bovine lymph 
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glands cholesterol made up 6.52 per cent of the lipin fraction, or 1.58 per cent of 
the dry weight of the specimen;.while in the walls of tuberculous bovine lymph 
glands cholesterol made up 13.17 per cent of the fatty substances, or 3.88 per cent 
of the dry weight.  In the caseous material from mesenteric and peribronchial 
bovine lymph glands cholesterol made up 26.58 per cent of the total lipins, or 5.18 
per cent of the dry weight of tl~e specimen.  In normal bovine liver he found the 
cholesterol content of the lipin fraction to be 5.07 per cent, or cholesterol made up 
1.6 per cent of the dry weight of the specimen.  In the lipins from the walls of liver 
tubercles cholesterol constituted 14.4 per cent, or 2,25 per cent of the dry speci- 
men.  The caseous material from liver tubercles was very rich in  cholesterol; 
the lipin fraction was 26.48 per cent cholesterol, and calculated on the dry weight 
of the specimen cholesterol made up 4.7 per cent.  From these analyses it is evi- 
dent  that  cholesterol increases  at  tuberculous  foci from 200  to  300  per  cent, 
depending on the degree of caseation. 
In accord with Caldwell's results are those of Jaff6 and Levinson (2).  These 
authors found that it was possible to increase further the localized cholesterol by 
the administration of the substance during the course of the infection.  In rabbits 
which were fed cholesterol in cottonseed oil before and during an infection with 
bovine tubercle bacilli, the tuberculous lesions showed much more optically active 
fat than did tuberculous lesions of rabbits that received no cholesterol, indicating 
that, with an increase in  the supply of cholesterol to the  animal body, it was 
possible to increase further the amount of cholesterol or its esters localizing in 
tuberculous tissues.  This they considered due to the fact that the epithelioid 
cells of the tubercles have their origin from the reticulo-endothelial system which 
has  (as some suppose)  to do with cholesterol metabolism.  From their experi- 
ments, which, so far at least as they concerned the point, were very limited in 
number, they concluded that cholesterol does not protect rabbits against tuber- 
culosis. 
The  experiments  referred  to  were  of  such  suggestive  importance 
that they have been repeated in part, in this laboratory, with guinea 
pigs.  The  results  are in  essential  agreement  with those of previous 
workers. 
The accumulation of cholesterol or cholesterol esters in tuberculous 
tissues, and especially in the actual anatomical tubercles, suggested the 
possibility of using this  substance in  some chemotherapeutic  experi- 
ments.  Since it appeared to be capable of penetrating, and localizing 
in  tubercles, it  seemed possible  that,  if  compounds  could  be  made 
that would contain cholesterol combined with other radicles known to 
possess bactericidal properties, they might prove to be of therapeutic 
value.  To test the success of such an assumption two series of chemo- RICHARD  E.  SI~0PE  323 
therapeutic  experiments have been conducted.  In the first  series of 
experiments  cholesterol  alone  has  been  used  in  treating  guinea  pigs 
experimentally  infected  with  /L  tuberculosis.  In  the  second  series 
various compounds containing  cholesterol or an oxidation product  of 
cholesterol have been used. 
EXP]~RIM'ENTAL. 
I.  Chemical. 
The cholesterol used was prepared either from human gall stones or hog brains. 
Cholesteryl chloride was prepared using Rayman's method (3)  and cholesteryl 
anilide and cholesteryl toluide  by Walitzky's method (4).  Cholesterol sulfuric 
acid was made according to the method of Mandel and Neuberg (5).  A carboxy 
acid of cholesterol was prepared according to the method of Diels and Abderhalden 
(6), the last step in their procedure being omitted (refluxing  with methyl ethyl 
ketone).  The acid thus obtained had a melting point of 90°C. instead of 290°C. 
as did the one described by them. 
Quinine  cholesterylate was prepared by pouring quinine  hydrochloride,  dis- 
solved in water, into an aqueous solution of sodium cholesterylate until no more 
precipitate was formed.  This precipitate was washed in water and then dried. 
The compounds mentioned, with the exception of the  two that were water 
soluble (sodium cholesterylate and sodium cholesterol sulfate), were prepared for 
injection by dissolving in hot alcohol and pouring the hot alcoholic  solution into 
hot distilled water with constant stirring.  A rather stable suspension was obtained. 
This was heated, to drive off most of the alcohol and to get the suspension down to 
the  strength  desired for injection,  and  then filtered.  The  sodium salt  of the 
carboxy acid of cholesterol, being water soluble, was used in 2 per cent solution in 
distilled water except where otherwise specified.  Sodium cholesterol sulfate wa~ 
used in 0.5 per cent solution in distilled water. 
H.  Biological. 
A.  Therapeutic  Experiments with Cholesterol Alone. 
Experiment /.--(Table I,  Chart  1.)  20  guinea  pigs  were  inoculated  subcu- 
taneously in the inguinal region with 1 cc. of a  very thin  suspension of recently 
isolated human type tubercle bacilli.  They were  divided into  2 groups of 10 
animals each.  The infection was allowed to run 3 weeks and then the animals irt 
1  group were given 4  intraperitoneal injections,  each  of 4  mg.  of cholesterol,. 
suspended in distilled water, at intervals of 3 days.  The animals in the control 
group each received 2  cc.  of distilled water intraperitoneally on corresponding 
days.  Animals that obviously died as the result of the injections were discarded. 
This accounted for 1 from each group.  The results are given in Table I. 324  INFLUENCE  OF  CHOLESTEROL ON  TUBERCULOSIS 
Experiment 2.--(Table II, Chart 2.)  The guinea pigs in this experiment were 
inoculated subcutaneously with ¼ cc. of a very thin, paper filtered, suspension of 
recently isolated human type tubercle bacilli.  15  days were allowed to elapse 
before treatment and then the animals were divided into 3 groups.  A group of 7 
controls received 7 injections of 2 cc. of distilled water, intraperitoneally,  at inter- 
vals of 4 days.  Another 7 animals received 7 injections, each of 8.8 rag. of choles- 
TABLE  I. 
Days of Survival Following Infection. 
Control  Cholesterol  Control  Cholesterol 
33 
35 
42 
50 
53 
49 
50 
53 
58 
65 
57 
58 
60 
62 
66 
70 
72 
112 
Average...  50  66 
TABLE  II. 
Days of Survival Following IN "ection. 
Control  Cholesterol  Irradiated cholesterol 
63 
64 
71 
75 
95 
96 
96 
Average:  80 
80 
i08 
110 
113 
117 
152 
113 
60 
66 
86 
98 
100 
103 
123 
126 
132 
136 
103 
terol in water suspension, and a group of 11 animals received 7 injections, each of 
10 mg. of cholesterol, that had been exposed to the rays from a mercury quartz 
lamp, after the method of Hess, Weinstock, and Helman (7),  on corresponding 
days.  Animals dying as a result of the injections  were discarded thus eliminating 
1  animal from  each  of  the  cholesterol groups.  The  results are  tabulated  in 
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Therapeutic Experiment 2.  1st day. Animals given 0.25 co. of a 
paper filtered suspension of tubercle baciUi (human type) subcutaneously.  14th 
day. Treatment  started.  24th  day. Treatment  stopped.  Groups  charted: 
Controls and those receiving cholesterol. 
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CHART 1.  Therapeutic Experiment 1.  1st day. Anlmals given 1 cc. of a light 
suspension of freshly isolated tubercle bacilli (human type) subcutaneously.  18th 
day. Treatment started.  30th day. Treatment stopped.  All groups charted. 326  INFLUENCE  OF  CHOLESTEROL  ON  TUBERCULOSIS 
The work so far reported in this paper was carried out in the Depart- 
ment  of  Pharmacology  at  the  State  University  of  Iowa  Medical 
School. 
The  first  two  experiments  had  rather  consistently  indicated  a 
favorable influence of cholesterol on a tuberculous infection in  guinea 
pigs; but the number of animals used was too small to warrant  definite 
conclusions.  Only one type of infection had been studied,  an  acute 
tuberculosis  produced  by the  tubercle  bacillus  of  human  type.  It 
seemed desirable  to  repeat  the  experiments  with  a  larger  series  of 
animals and a more chronic type of infection. 
TABLE  III. 
Days  of Survival Following Infection. 
Control 
88 
94 
107 
114 
121 
124 
129 
143 
146 
146 
153 
167 
17'1 
172 
175 
Cholesterol 
130 
133 
136 
138 
141 
141 
146 
146 
148 
149 
155 
156 
160 
160 
162 
Con~ol 
176 
180 
182 
183 
184 
184 
185 
185 
192 
194 
202 
205 
208 
239 
Cholesterol 
164 
166 
167 
169 
169 
170 
171 
174 
182 
185 
190 
212 
Average...  163  160 
Experiment 3.--(Table III, Chart 3.)  60 guinea pigs from Family 13 (inbreds) 
were  injected subcutaneously with  1/10 rag.  of  Culture  H  7156,  human  type 
tubercle bacilli.  The culture in this amount was known to produce a chronic type 
of tuberculosis in guinea pigs.  The infection was allowed to progress untreated for 
2 weeks.  Then the animals were divided into 2 groups of 30 each.  1 group  of 
animals received 10 intraperitoneal injections, each of 18 rag. of cholesterol in 
distilled water suspension, while the  animals in  the  control group  received 10 
intraperitoneal injections of 3 cc. of distilled water on corresponding days.  The 
animals were injected on the 14th, 18th, 22nd, 26th, 30th, 34th,  38th, 57th, 68th, ~0 
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CHART 3.  Therapeutic Experiment 3.  1st day. An{reals given 1/10 mg. of 
H 7156 subcutaneously.  14th day. Treatment started,  ll0th day.  Treatment 
stopped.  All groups charted. 
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CHART 4.  Therapeutic Experiment 4.  Ist  day. Animals  given 1 mg.  of H 
7156  subcutaneously.  5th  day. Treatment  started.  125th  day. Treatment 
stopped.  All groups charted. 
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and llOth days following inoculation.  Animals that obviously died as a result of 
the injections were  ruled out  of  the experiment.  This  accounted  for 1 of  the 
TABLE  IV. 
Days of Survival Following Infection. 
Control  Pfanstlehl cholesterol  Gall stone cholesterol 
41 
46 
51 
53 
54 
55 
58 
59 
60 
62 
69 
72 
85 
115 
125 
133 
Average:  71 
45 
53 
55 
61 
62 
62 
63 
63 
68 
70 
72 
100 
112 
113 
152" 
152" 
81 
40 
50 
58 
59 
60 
63 
63 
64 
74 
76 
80 
84 
85 
92 
121 
152" 
76 
* Killed on 152nd day to terminate experiment. 
TABLE  V. 
Days of Survival Following Infection. 
Control 
35 
42 
45 
48 
49 
50 
51 
53 
Cholesterol 
28 
38 
40 
42 
45 
50 
50 
50 
Control 
55 
56 
58 
61 
61 
64 
74 
79 
Cholesterol 
53 
55 
56 
66 
68 
75 
104 
Average..  55  54.6 
control group,  and 3  of the 30  receiving cholesterol.  The results are given in 
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Experiment 4.--(Table IV, Chart 4.)  Another group of 48 stock guinea pigs, 
crossbred in heredity, were inoculated subcutaneously in the inguinal region with 
1 rag. of Culture H  7156, ten times as large a dose as that previously used, with 
the intention of getting a  relatively more acute infection that  would be more 
comparable to the first two experiments reported in this paper.  This time the 
infection was allowed to run only 5 days before treatment was instituted.  Then 
the animals were divided into 3 groups of 16 each.  Group 1 was kept as a control 
group and received 10 intraperitoneal injections of 3 cc. of sterile distilled water on 
the 5th, 8th, 12th, 19th, 23rd, 27th, 31st, 103rd, 111th, and 121st days following 
infection.  Group 2 animals received 10 intraperitoneal injections, each of 21 rag. 
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CHART 5.  Therapeutic  Experiment  5.  1st  day. Animals  given  1/5  rag.  of 
Bovine 14 subcutaneously.  3rd day. Treatment started.  16th day. Treatment 
stopped.  All groups charted. 
of Pfanstiehl cholesterol (hog brain) in watery suspension, on corresponding days; 
and Group 3 animals received intraperitoneal injections of 21 rag. of cholesterol, 
prepared from human gall stones, on corresponding days.  The results are given 
in Table IV. 
Experiment 5.--(Table  V,  Chart 5.)  32 guinea pigs were inoculated subcu- 
taneously with 1/5 rag. of a culture of Bovine 14.  The infection was allowed to 
progress 3 days and then the animals were divided into 2 groups of 16 each and 
treatment was begun.  The control group animals each received 5 intraperitoneal 
injections of 3 cc. of distilled water on  the  3rd, 6th,  10th,  14th, and 19th days 
following infection.  The second group each received 5 intraperitoneal injections, 330  INFLUENCE  OF  CHOLESTEROL  ON  TUBERCULOSIS 
each of 21 rag. of cholesterol, on corresponding days.  1 of the animals receiving 
cholesterol died of  a  peritonitis and  was  discarded.  The  results  are given in 
Table V. 
73. Therapeutic Experiments with Compounds Containing Cholesterol or 
Derivatives  of Cholesterol. 
Experiment &--(Table VI.)  The guinea pigs in this experiment received 1 cc. 
of a very thin suspension of recently isolated human type tubercle bacilli subcu- 
taneously.  They were then divided into groups of 10 each and caged by groups. 
3  weeks following inoculation treatment was begun.  1 group received 4  intra- 
peritoneal injections, each of 3  rag. cholesteryl chloride at intervals of 3  days. 
The  second group  received 2  rag.  cholesteryl anilide, the  third group  1.2  nag. 
TABLE  VI. 
Days of Survival Following Infection. 
Control 
33 
35 
42 
50 
53 
57 
58 
60 
62 
Average: 50 
Cholesteryl chloride 
32 
49 
50 
62 
64 
65 
66 
80 
98 
.  Cholesteryl toluide 
32 
37 
53 
55 
56 
66 
87 
95 
63  60 
Cholesteryl anilide 
33 
41 
46 
53 
54 
58 
58 
60 
60 
85 
55 
cholesteryl toluide, and the controls 2 cc. of distilled water on corresponding days. 
Individuals  dying  during  the  period  of  the  injections  were  discarded.  The 
results are given in Table VI. 
Experiment 7.--(Table  VII.)  The  guinea  pigs in  this  experiment received 
i  cc. of a  very thin, paper filtered suspension of recently isolated  human  type 
bacilli subcutaneously.  They were  then  divided  into 2  groups of  7  each  and 
15 days were allowed to elapse before treatment was begun.  Then the animals 
in  1  group  were given  7  intraperitoneal injections, each  of  10  mg.  of sodium 
cholesterol sulfate,  at  intervals of 4  days.  The  animals in  the  control group 
received 2 cc. intraperitoneal injections of distilled water on corresponding days. 
The results are given in Table VII. 
Experiment 8.--(Table VIII.)  60 guinea pigs from Family 13  (inbreds) were 
injected subcutaneously with 1/10 mg. of Culture H  7156, human type of tubercle RICHARD  E.  SHOPE  331 
bacilli, and divided into 2 groups of 30 animals each.  The infection was allowed 
to progress untreated for 2 weeks.  Then the animals in 1 group were given 10 
intraperitoneal  injections,  each of 9 mg. of quinine  cholesterylate in distilled water 
suspension, on the 14th, 18th, 22nd, 26th, 30th, 34th, 38th, 57th, 68th, and ll0th 
TABLE  VII. 
Days of Survival Following Infection. 
Control 
63 
64 
71 
75 
Sodium cholesterol 
sulfate 
61 
71 
77 
97 
Control 
95 
96 
96 
Sodium cholesterol 
sulfate 
99 
111 
126 
Average.  80  92 
TABLE  VIII. 
Days of Survival Following Infection. 
Control  Quinine cholesterylate  Control  Quinine cholesterylste 
88 
94 
107 
114 
121 
124 
129 
143 
146 
146 
153 
167 
171 
172 
175 
105 
122 
132 
133 
151 
152 
158 
159 
160 
161 
162 
165 
166 
168 
169 
176 
180 
182 
183 
184 
184 
185 
185 
192 
194 
202 
205 
208 
239 
170 
171 
176 
177 
184 
185 
186 
190 
254 
256* 
Average.  163  168 
* Killed on 256th day to terminate experiment. 
days following  inoculation.  The animals  in the control group received 3 cc. injec- 
tions of distilled water intraperitoneally on corresponding days.  Animals dying 
obviously as a result of the injections were discarded.  The results obtained are 
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Experiment 9.--(Table IX.)  This experiment was made up of 7 groups contain- 
ing 15 guinea pigs each, crossbred in heredity.  The organism used in producing 
the  infection was  H  37,  a  human type  tubercle bacillus.  The  animals were 
inoculated subcutaneously with 1/5 nag. doses.  The treatment administered to 
each group was as follows: 1 group received intraperitoneal injections of 0.1 rag. 
sodium cholesterylate twice weekly throughout the experiment and commencing 
1 week before the time of inoculation.  The other 4 groups of treated animals 
received sodium cholesterylate intraperitoneaUy  on corresponding days but in the 
following doses: 0.5 nag.,  1 mg., 5 mg., and 10 nag.  The remaining 2 of the 7 
TABLE  IX. 
Days of Survival  Following It, 
Controls 
Distilled HzO 
49 
82 
89 
96 
96 
98 
101 
101 
130 
146 
174 
228 
244 
255 
265 
Average: 143.6 
ConSols 
No 
injections 
97 
106 
114 
122 
123 
132 
158 
224 
236 
255 
258 
265 
321 
346* 
346* 
206.9 
'ection. 
0.1 mg. 
sodium 
cholesteryl- 
ate 
61 
8O 
8O 
101 
103 
107 
110 
167 
168 
182 
184 
286 
346* 
346* 
165.8 
0.5 rag. 
sodium 
cholesteryl- 
ate 
67 
131 
132 
137 
157 
157 
166 
167 
170 
175 
184 
321 
346* 
346* 
189.7 
1 rag. 
sodium 
cholesteryl- 
ate 
116 
138 
140 
142 
143 
145 
262 
266 
266 
278 
326 
342 
346* 
346* 
346* 
240.1 
5 rag. 
sodium 
cholesteryl- 
ate 
51 
51 
82 
89 
97 
98 
112 
162 
167 
183 
184 
196 
346* 
346* 
154.5 
I0  rag. 
sodium 
cholesteryl- 
ate 
60 
68 
68 
70 
72 
129 
164 
212 
235 
119.7 
* Killed on 346th day to terminate experiment. 
groups of guinea pigs were maintained as controls.  1 of  these control groups 
received intraperitoneal  injections  of 1 cc. of distilled water on days corresponding 
to the injections of sodium cholesterylate.  The other group received nothing, in 
the way of injections, after they had been inoculated.  All were maintained on a 
diet of 30 gm. of cabbage per animal per  day with  hay, oats, and water ad lib. 
Animals obviously dying  as the result of  the injections were discarded.  This 
eliminated 1 animal apiece from the groups receiving 0.1, 0.5, and 5 rag. sodium 
cholesterylate.  10 nag. of sodium cholesterylate was obviously an overdose and 
6 of the 15 animals in that group died as a result of the injections.  The other 9 in I~ICHAP~ F..  SHOPF.  333 
that group then had the apparent toxicity of the large overdose of sodium choles- 
terylate to deal with in addition to their tuberculosis.  The results of this experi- 
ment are given in Table IX. 
Summary of Results Obtained in Therapeutic Experiments. 
A.  Results with  Cholesterol. 
In Experiments 1 and 2, cholesterol definitely prolonged the lives of 
the animals  receiving it.  When the  significance of these results  (8) 
was determined mathematically  it was found that, in Experiment  1, 
P  =  0.05.**  In Experiment  2 the value of P  for the group receiving 
cholesterol was 0.01 and for the group receiving irradiated cholesterol 
was 0.07.  In these two experiments  the infection  was of an  acute 
type, the culture very virulent, and the number of infecting organisms 
relatively small. 
In  Experiment  3,  contrary to what  might  perhaps  have  been ex- 
pected of a chronic infection, cholesterol proved ineffective, tIae value 
for P  being 0.65.  The less resistant animals in the experiment perhaps 
responded to the treatment  with cholesterol, since, in comparing the 
two series of animals  in Table III,  it will be noted that  among the 
first animals to die in each series those treated with cholesterol quite 
definitely outlived the control animals  dying in corresponding order. 
In Experiment 4 the animals receiving cholesterol tended to outlive 
the control animals.  The margin  of advantage  shown in Table IV, 
however, is not mathematically significant since for the group receiving 
Pfanstiehl cholesterol  (hog brain)  P  ~-  0.35, while for the group re- 
ceiving gall stone cholesterol P  =  0.60.  Clearly then, the apparent 
advantage  is  of  no  significance.  The  infection  in  this  experiment 
proved to be more rapid than in the preceding one, but it was still not 
the  same  type  of  acute  infection  as  in  the  first  two  experiments. 
Whereas,  in the first two experiments,  the infection was one with a 
**In calculating the significance of the results obtained, P is a measure of prob- 
ability.  A value of P  =  0.03 indicates that the results  are significant mathe- 
matically  and means that the chances are 33 to 1 that the experiment can be 
repeated  with a similar outcome.  Values above 0.03 are considered to indicate 
that the results are not mathematically  significant.  Values for P below 0.03 are 
considered very significant as, for instance, P  = 0.01 where the chances of being 
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very small dose of very virulent organisms, here we  had  an over- 
whelming infection with only a moderately virulent culture.  Experi- 
ment 4 demonstrated, as would be expected, that there is very little 
difference in the action of cholesterol from different sources. 
In Experiment 5,  in which a  bovine type of infection was  used, 
cholesterol was ineffective, P  being 0.9. 
23.  Results  with  Compounds  Containing  Cholesterol or  Derivatives  of 
Cholesterol. 
In Experiment 6, while cholesteryl chloride, toluide, and anilide gave 
some apparent prolongation of the lives of the guinea pigs treated, the 
results do not prove to be mathematically significant since the P  for 
cholesteryl chloride is 0.1, for cholesteryl toluide 0.25, and for choles- 
teryl  anilide 0.41.  The degree of action in each group was roughly 
proportional to  the amount of cholesterol received with each com- 
pound. 
In Experiment  7  sodium cholesterol sulfate  did not significantly 
prolong the lives of the animals treated, P  in this case being 0.28. 
In Experiment 8 quinine cholesterylate was ineffective in prolonging 
the lives of guinea pigs treated with it.  P  in this case was 0.65. 
In Experiment 9 sodium cholesterylate, in  doses ranging from 0.1 
rag. to 10 mg., was used in treating guinea pigs experimentally  infected 
with  13.  tuberculosis.  Scattered  experiments on  small  numbers  of 
animals had previously given some indication that sodium cholestery- 
late exerted a  favorable influence on tuberculous guinea pigs, several 
animals outliving untreated animals by long periods of time and show- 
ing very little tuberculosis when they were killed at the termination 
of the experiments.  The range of doses used was chosen in the hope of 
finding an optimum at which the compound was most effective.  Two 
groups of untreated guinea pigs were 'included.  One of these,  the 
true control group, received the same amount of handling and inciden- 
tal  trauma  from intraperitoneal injections of distilled water as  did 
the treated animals.  The other group of untreated animals was  in- 
cluded to obtain some data concerning the actual effect on tuberculous 
guinea  pigs  of  repeated  handling  and  trauma  of  injection.  They 
were undisturbed except for weighing and cage cleaning after the time 
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the true  control  group.  Their  advantage  in  days  lived  following 
inoculation was  significant  as  P  was  equal  to  0.03.  The  animals 
receiving 0.1 mg. sodium cholesterylate showed a  somewhat greater 
average length of life than did the true control group but the difference 
was not significant as P  equaled 0.5.  The animals receiving 0.5 mg. 
sodium cholesterylate showed a  still greater prolongation of life than 
the controls but it was not of significance mathematically as P  equaled 
0.15.  The animals receiving sodium cholesterylate  in  1 rag.  doses 
showed an average length of life greater than any of the other groups. 
The prolongation of life in this group was very significant mathemati- 
cally as P  equaled less than 0.01.  The two larger doses of sodium 
cholesterylate used were obviously too toxic and the animals in these 
groups had the toxicity of the therapeutic agent to deal with in addition 
to  f heir tuberculous infection.  For the group receiving  5  rag.  in- 
jections of sodium cholesterylate P  equaled 0.82, and for the group 
receiving 10 rag. injections no calculation was made. 
The group of animals receiving 1 rag. injections of sodium choles- 
terylate appeared to outlive the group of animals that had received 
no injections or were not handled.  The difference, however, was not 
mathematically significant as P  in this case equaled 0.35. 
I am very grateful to Dr. John W. Gowen for having calculated the 
mathematical significance of the results obtained in these experiments. 
Without his concise evaluation of the data obtained accurate  inter- 
pretation or analysis of the findings would have been impossible. 
DISCUSSION. 
Four types of experimental tuberculosis in guinea pigs have been 
treated  with  cholesterol  administered  intraperitoneally.  In  two 
experiments, in which an acute type of tuberculosis, due to a relatively 
small  number of very virulent organisms, was treated, the animals 
receiving cholesterol were definitely benefited.  They outlived their 
untreated control animals by a  mathematically significant  margin. 
Cholesterol, however, failed to prolong significantly the lives of guinea 
pigs exhibiting the other three types of tuberculosis treated.  It did 
not benefit animals having a chronic type of tuberculosis produced by 
inoculation with a relatively small dose of organisms of low virulence, 
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tion with a large dose of organisms of low virulence.  It did not pro- 
long the lives of animals infected with a quite virulent strain of bovine 
type tubercle bacilli. 
No explanation of the mode of action of intraperitoneally adminis- 
tered cholesterol can  be  offered as  a  result  of the work nor is any 
explanation apparent for the differing results with different types of 
tuberculous infection.  The course of the experiments, and particu- 
larly the results of the postmortem examinations give no ground for 
assuming any direct bactericidal action for cholesterol or any direct 
and pronounced effect in promoting the healing processes.  The con- 
nective tissue present in and about the lesions was no greater in treated 
than in untreated animals, and scars or calcified areas or other evidences 
of healing processes were no more in evidence.  The lymph nodes 
showed  no  tendency to  regressive  changes.  Lesions  of  the  usual 
character prevailed and finally caused the death of most of the animals. 
The results with compounds containing cholesterol or with deriva- 
tives of cholesterol were, as a whole, quite unpromising.  Cholesteryl 
chloride,  cholesteryl toluide,  cholesteryl anilide, sodium cholesterol 
sulfate, and quinine cholesterylate did not benefit tuberculous guinea 
pigs  to  a  significant  degree.  Sodium  cholesterylate,  however,  in 
certain doses proved to be quite effective.  1 rag. given twice weekly 
very  significantly prolonged the  lives  of  the  animals  receiving it 
whereas smaller or larger amounts that were tried were less effective. 
In the case of sodium cholesterylate in optimum dosage, the duration 
of life was little greater in the animals receiving it than in animals 
bearing a similar infection but not subjected to any handling or injec- 
tion trauma.  However, a  comparison of this sort is unfair for, al- 
though sodium cholesterylate failed to do much more than "nothing 
at all" it very markedly prolonged the lives of animals receiving it 
when  compared to  control  animals  undergoing precisely the  same 
inevitable trauma and handling.  The mode of action of sodium cho- 
lesterylate is equally as obscure as that of cholesterol. 
It is conceivable that the results attained with sodium cholesteryl- 
ate in optimal dosage may give a starting point for the production of 
other  compounds more  effective  in the  treatment  of  tuberculosis. 
Experiments with this view in mind are in progress at the present time. RICHARD  E.  SHOPE  337 
SUMMARY. 
I.  Cholesterol, administered intraperitoneally, in these experiments 
definitely prolonged the  lives of tuberculous  guinea pigs  when the 
infection was of an acute type produced by inoculation with a  small 
dose of very virulent human type organisms. 
2.  Intraperitoneally  administered  cholesterol  did  not  definitely 
prolong the lives of tuberculous guinea pigs when the infection was of 
the chronic type produced by the injection of a  small dose of human 
type tubercle bacilli of relatively low virulence, or when the infection 
was more acute owing to the injection of a large dose of organisms of 
low virulence.  It had no beneficial effect on an acute type of infection 
produced by the bovine type organism. 
3.  Cholesteryl  chloride,  cholesteryl  toluide,  cholesteryl  ani!ide  , 
sodium cholesterol sulfate, and quinine cholesterylate did not signifi- 
cantly prolong the lives of tuberculous guinea pigs. 
4.  Sodium cholesterylate,  in optimal dosage,  definitely  prolonged 
the lives of tuberculous guinea pigs. 
5.  There  was  a  significant  shortening  in  the  duration  of  life  of 
tuberculous  guinea  pigs  subjected  to the trauma of intraperitoneal 
injection and repeated handling as compared with tuberculous guinea 
pigs that were not handled or traumatized by intraperitoneal injections. 
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